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(54) Battery charge control circuit, battery charging device, and battery charge control method 



(57) A power supply unit is provided with a battery 
charge control circuit (31) for controlling the charging of 
a battery (5). A power source (2) supplies a current to a 
load (6), and the battery (5) also supplies a cun-ent to 
the load (6). The battery charge control circuit (31) con- 
trols the charging cun'ent provided to the battery (5) 
such that the charging of the battery (5) is not affected 



even if the current supply capacity of the power source 
(2) is restricted when the power source (2) is charging 
the battery (5). 

Thus, incorrect operation can be avoided, and more 
reliable battery charging can be performed. 
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Description trontc device such as a notebook coirputer. For exam- 

ple, the secondary battery is charged with power 

BACKGROUND OF THE INVENTION supplied from an external device such as an AC 

adapter, and the charging operation is performed 

1 . Field of the Invention s whether or not the electronic device is in operation. 



[0001] The present invention generally relates to a 
battery charge control circuit, a battery charging device, 
and a battery charge control method. 
[0002] Charging a lithium-ion secondary battery is 
performed by a constant voltage/cun'ent control circuit, 
and the completion of the charging operation is nor- 
mally determined when the charging cun^ent for the bat- 
tery becomes smaller than a predetermined reference 
value. 

[0003] In the case where completion of the charging 
operation is determined when the charging current 
value becomes smaller than the predetermined refer- 
ence value, a charging device Is expected to constantiy 
supply a charging current larger than tiie predetermined 
reference value. However, when the battery is charged 
by a charger contained in an electronic device such as 
a notebook computer, only the difference between the 
power supply capacity of an AC adapter and the power 
consumption of the notebook computer is available to 
supply the charging current In such a case, the charg- 
ing current required by the battery is riot always sup- 
plied to tiie battery 

[0004] When the charging current for the secondary 
battery becomes extremely small due to high power 
consumption by the notebook computer, a wrong deter- 
mination that the charging operation has been com- 
pleted is made. To avoid such an en-or. a charging 
constant voltage/current control circuit outputs a signal 
to determine whether the charging current is limited 
because the load of the electi'onic device is heavy or 
because the battery is actually fully charged. 
[0005] In a portable electronic device such as a 
notebook computer, a battery is mounted as a power 
source for the electronic device. Generally, such a bat- 
tery is a lithium battery in consideration of operating 
costs and instantaneously dischargeable current capac- 
ity. Also, a charger circuit is often contained in a portable 
electronic device, so that a secondary battery in the 
electronic device can be readily charged simply by con- 
necting an AC adapter to the electronic device. For its 
portability, a portable electronic device normally has an 
internal secondary battery as a power source. However, 
when used on a desk, it might be supplied with power 
from an external power source such as an AC adapter. 
[0006] A lithium secondary battery often used in 
notebook computers is charged at a constant voltage 
and/or a constant current. And the completion of the 
charging operation is normally determined when the 
charging current value becomes smaller than a prede- 
termined reference value. 

[0007] There are various techniques for charging a 
secondary battery by a charger contained in an elec- 



2. Description of tiie Related Art 

[0008] FIG. 1 is a block diagram showing the struc- 
10 ture of a conventional power supply unit for notebook (or 
lap-top. portable) computers. 
[0009] An AC adapter 1 is connected to an AC 
power supply 2. and converts alternating current sup- 
plied from the AC power supply 2 into direct current. The 
15 AC adapter 1 is also connected to a power supply con- 
nector 3. The power supply connector 3 is in turn con- 
nected to a DC/DC converter 4 via a resistor R1 and a 
diode D1. The DC/DC converter 4 is connected to a 
secondary battery 5 via a diode D2, and converts DC 
20 power supplied from the AC adapter 1 or the secondary 
battery 5 into a predetermined DC voltage to be sup- 
plied to a load 6. 

[0010] The secondary battery 5 is connected to a 
charger drcuit 24 which comprises a voltage/current 

25 regulator 8. a differential amplifier 9, a voltage compara- 
tor 10, reference voltage supplies 12 to 14. and a micro-; 
computer (or microprocessor) 1 1 . n 
[001 1 ] The voltage/current regulator 8 is a switching 
regulator-type DC/DC converter that operates in ^ PWM/ 

30 control system. The voltage/current regulator 8 come 
prises a switching transistor Tri . a choke coil LI a fly- ■ 
wheel diode D3. a smoothing capacitor CI, a charging 
current detecting resistor RO, and a control unit 7. 
[0012] The switching tiranslstor Tri is formed by an 

35 FET, and is switched on and off by the control unit 7. 
The charging current detecting resistor RO is a sense 
resistor which measures the value of current for charg- 
ing the battery 5. A voltage drop caused by the cun-ent 
flowing through tiie sense resistor is inputted into the 

40 control unit 7. The switching transistor Tr1 is switched 
on and off to control current flowing through the choke 
coll LI. Thus, the voltage/current regulator 8 can per- 
form DC/DC cortrof. 

[0013] Both ends of the charging current detecting 
45 resistor RO are connected to the differential amplifier 9. 
[001 4] The non-inverting input terminal of the differ- 
ential amplifier 9 is connected to tiie connection point 
between the charging current detecting resistor RO and 
the battery 5, while the Inserting input terminal of the dif- 
50 ferential amplifier 9 is connected to the connection point 
between tiie charging current detecting resistor RO and 
the choke coil L1 . The differential amplifier 9 amplifies 
voltages at both ends of the charging cun-ent detecting 
resistor RO. The output of the differential amplifier 9 is a 
55 voltage corresponding to the current supplied to tiie bat- 
tery 5. The output of the differential amplifier 9 is sup- 
plied to the microcomputer 1 1 . 

[0015] The non-inverting input terminal of the volt- 
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age comparator 10 is connected to the AC adapter 1, 
and the inverting input terminal of the voltage compara- 
tor 10 Is connected to the reference voltage supply 12. 
The voltage conparator 10 outputs a high-level signal 
or a low-level signal depending on the voltage of the AC 
adapter 1. More specifically; when the voltage gener- 
ated from the AC adapter 1 is higher than a reference 
voltage supplied from the reference voltage supply 12. 
the voltage comparator 10 outputs a high-level signal. 
When the voltage generated from the AC adapter 1 Is 
lower than the reference voltage supplied from the refer- 
ence voltage supply 12, the voltage comparator 10 out- 
puts a low-level signal. When the AC adapter 1 is 
connected to the charger circuit 24. the voltage compa- 
rator 10 outputs the high-level signal. When the AC 
adapter 1 is not connected, the voltage comparator 10 
outputs the low-level signal. The output signals of the 
voltage comparator 10 are supplied to the microcom- 
puter 11. 

[0016] The microcomputer 11 controls the opera- 
tion of the control unit 7 in accordance with the output 
signals of the differential amplifier 9 and the voltage 
comparator 10. When the output of the differential 
amplifier 9 is higher than a predetermined voltage, i.e., 
when the charging current is flowing, the microcomputer 
11 determines that the battery 5 is not fully charged. 
iWhen the output signal of the voltage comparator lO is 
'^high, the microcomputer 11 determines that the AC 
adapter 1 is connected to the charger circuit 24. 
1001 7] After determining that the battery 5 and the 
AC adapter 1 are connected from the outputs of the dif- 
iferential amplifier 9 and the voltage comparator 10, the 
microcomputer 1 1 determines; that the battery 5 can be 
charged, and supplies a control signal to the control unit 
7 to switch on the control unit 7. When the output of the 
differential amplifier 9 is lower than the predetermined 
voltage, i.e., when the battery 5 is in a fully charged 
state, or when the output signal from the voltage com- 
parator 10 is low, i.e.. when the AC adapter 1 is not con- 
nected to the charger circuit 24, the microcomputer 11 
determines that the battery 5 cannot be charged any 
more, and supplies a control signal to the control unit 7 
to switch off the control unit 7. 
[0018] Besides the control signals from the micro- 
computer 11, the control unit 7 receives the voltages 
from both ends of the resistor R1, the voltages from 
both ends of the charging current detecting resistor RO. 
and reference voltages. The control unit 7 Is controlled 
in accordance with the control signals from the micro- 
computer 11, and switches on and off the switching 
transistor Tr1 in accordance with the voltages from both 
ends of the resistor R1. the voltages from both ends of 
the charging current detecting resistor RO. and the ref- 
erence voltages. 

[0019] The circuit shown in FIG. 1 charges the bat- 
tery 5 by the charger circuit 24 while supplying power to 
the load 6. The input from the AC adapter 1 is supplied 
to the battery 5 through the charger circuit 24 as well as 



to the load 6 through the DC/DC converter 4. Accord- 
ingly, the load 6 consumes power while the battery 5 Is 
charged. 

[0020] FIG. 2 is a block diagram of the control unit 
5 of the conventional power supply unit. 

[0021] The control unit 7 comprises differential 
amplifiers 15 and 1 6, error amplifiers 1 7 to 19. a triangu- 
lar wave oscillator 20, a PWM comparator 21 and a 
driver 22. 

10 [0022] The differential amplifier 1 5 detects the volt- 
ages at both ends of the resistor R1 . The output of the 
differential amplifier 15 turns into a signal oon-esponding 
to the current flowing through the resistor R1 , i.e.. to the 
output current of the AC adapter 1 . 
IS [0023] The differential amplifier 1 6 detects the volt- 
ages at both ends of the charging current detecting 
resistor RO. The output of the differential amplifier 16 
turns into a signal conesponding to the current flowing 
through the charging current detecting resistor RO, i.e., 
20 to the charging cun'ent for charging the battery 5, 

[0024] The output detection signal from the differ- 
ential amplifier 15 is supplied to the inverting input ter- 
minal of the error amplifier 17. A reference voltage Vrefl 
from a reference voltage supply 13 is applied to the non- 
25 inverting^nput terminal of the en-or amplifier 17. The 
error amplifier 17 in turn outputs a signal corresponding 
to the difference between the output from the differential 
amplifier :15 and the reference voltage Vrefl. The refer- 
jsnce voltage Vreft is set in accordance with the maixi- 
30 ; mum cun'ent supplied from the AC adapter 1 .. ; 

[0025] The output detection signal from the differ- 
ential amplifier 16 is supplied to the non-inverting input 
terminal of the error amplifier 18. A reference voltage 
Vref2 from a reference voltage supply 14 Is applied to 
35 the inverting input terminal of the en-or amplifier 1 8. The 
error amplifier 18 in turn outputs a signal corresponding 
to the difference between the output from the differential 
amplifier 16 and the reference voltage Vref2. 
[0026] The inverting input terminal of the error 
40 amplifier 19 is connected to the connection point 
between the charging current detecting resistor RO and 
the battery 5, and the non-inverting input terminal is 
connected to a reference voltage supply 23. The en^or 
amplifier 19 outputs the difference between the refer- 
45 ence voltage VrefS from the reference voltage supply 23 
and the charging voltage for the battery 5 at the connec- 
tion point between the charging cun-ent detecting resis- 
tor RO and the battery 5. The output of the en-or 
amplifier 19 is supplied to the PWM comparator 21 . The 
50 reference voltage Vref3 is set in accordance with the 
maximum voltage applicable to the battery 5. 
[0027] The triangular wave oscillator 20 outputs a 
signal whose output level shows a saw-tooth waveform. 
The signal generated from the triangular wave oscillator 
55 20 is supplied to the PWM comparator 2 1 . 

[0028] The PWM comparator 21 compares the 
respective outputs of the error amplifiers 17 to 19 with 
the saw-tooth wave signal generated from the triangular 
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wave oscillator 20. In accordance with the comparison 
results, the PWM comparator 21 generates a high-level 
signal or a low-level signal, and outputs a pulse accord- 
ing to the AND logic. The output pulse of the PWM com- 
parator 21 is supplied to the driver 22. In accordance 
with the output pulse, the driver 22 switches on and off 
the switching transistor TR1, 

[0029] FIG. 3A shows a triangular waveform of the 
outputs of the error amplifiers 17 to 19. FIG. 3B shows 
the switching state of the switching transistor Tri . 
[0030] As shown in FIG. 3A, the PWM comparator 
21 compares the minimum voltage level among the out- 
puts of the error amplifiers 17 to 19 with the saw-tooth 
wave supplied from the triangular wave oscillator 20. 
When the minimum voltage level among the outputs of 
the error amplifiers 1 7 to 1 9 is higher than the saw-tooth 
wave supplied from the triangular wave oscillator 20. the 
switching transistor Tri is switched on, as shown in FIG. 
3B. The switching transistor Tri is switched off during 
the other periods. 

[0031] Being switched on and off, the switching 
transistor Tri outputs a pulse-type current. The current 
outputted from the switching transistor Tri is rectified by 
the rectifier circuit, and is supplied to the battery 5. The 
voltage and current supplied to the battery 5 here is 
controlled by the ON/OFF periods of the switching tran- 
sistor Tri ; Such a control operation is called ''PWM con- 
•'■ J tror. 

[0032] The error amplifier 17 shown in FIG. 2 ampli- 
fies the difference between the output of the differential 
amplifier 15 and DC-CURR (the reference voltage 
Vrefl) supplied from the reference voltage supply 13 
shown in FIG. 1. As mentioned before, the DG-CURR 
(the reference voltage Vrefl) supplied from the refer- 
ence voltage 13 shown in FIG. 1 is set In accordance 
with the maximum current value the AC adapter 1 can 
supply. Accordingly, the output of the error amplifier 17 
activates the driver 22 through the PWM comparator 21 . 
so that the sum of the currents that the AC adapter 1 
supplies to the load 6 and the battery 5 equals the max- 
imum cun-ent the AC adapter 1 can supply. 
[0033] While the power is supplied from the AC 
adapter 1 to the load 6, the error amplifier 17 increases 
and decreases the charging cun^ent for the battery 5 as 
the power consumption by the load 6 increases and 
decreases. By doing so, the error amplifier 1 7 controls 
the charging current so that the sum of the current con- 
sumed by the load 6 and the charging cun-ent for the 
battery 5 equals the maximum power capacity of the AC 
adapter 1 . For instance, when the current consumption 
of the load 6 increases, the current flowing through the 
sense resistor R1 also increases. As the current flowing 
through the sense resistor R1 increases, the output of 
the differential amplifier 15 becomes larger. As the out- 
put of the error amplifier 15 becomes larger, the differ- 
ence between the output of the error amplifier 15 and 
the DC-CURR (the reference voltage Vrefl) supplied 
from the reference voltage supply 13 becomes small. 



and so does the output of tiie enror amplifier 17. When 
the output of tile error amplifier 17 becomes smaller 
than the outputs of the enror amplifiers 18 and 19. the 
PWM comparator 1 compares the output of the en-or 
5 amplifier 1 7 with the output of the triangular wave oscil- 
lator 20. In accordance with the comparison result 
between the outputs of the error amplifier 1 7 and the tri- 
angular wave oscillator 20. the PWM comparator 21 
drives the driver 22. 
10 [0034] When the current consumption of the load 6 
increases, the output of the error amplifier 17 is smaller 
than the outputs of tiie error amplifiers 18 and 19. 
Accordingly, tiie error amplifier 17 is controlled to 
restrict the charging current for the battery 5. 
15 [0035] The output of the differential amplifier 1 6 cor- 
responding to the current flowing through the sense 
resistor RO shown In FIG. 1 and tiie reference voltage 
Vref2 (BAT CURR) outputted from the reference voltage 
supply 14 define the maximum charging current that 
20 can be applied to the battery 5. Accordingly, the output 
of tiie en-or amplifier 18 serves to maintain tiie charging 
current for tiie battery 5 at a predetermined current 
value. 

[0036] The error amplifier 19 amplifies the differ- 

25 ence between tiie charging voltage ERR2 for the bat- 
tery 5 and the reference voltage Vref3 generated from 
the reference voltage supply 23. The reference voltage 
Vref3 generated from the reference voltage supply 23 is 
set in accordance with the maximum voltage that can be 

30 applied to the battery 5. Accordingly, tiie output of tiie . 
en-or amplifier 1 9 serves to activate the driver 22 so tiiat 
the battery 5 has the maximum voltage level. ' 
[0037] As mentioned before, the outputs of the en^or 
amplifiers 17 to 19 are inputted into tiie non-inverting 

35 input terminal of the PWM comparator 21 . The minimum 
voltage level of the en-or amplifiers 17 to 19 is used to 
control the switching transistor Tri. More specifically, 
when the output of the error amplifier 18 is at the mini- 
mum voltage level, the switching transistor Tri is 

40 switched on and off so as to turn the power to be sup- 
plied to tiie battery 5 Into a constant current. In the field 
of DC/DC conversion, a circuit for controlling a charging 
current so as to be a constant current is called a cunrent 
regulator, a constant-current control circuit, or a con- 

45 stant-current charger control circuit. This constant-cur- 
rent charging will be described later in detail, with 
reference to FIG. 5. 

[0038] When the output of the error amplifier 19 is 
at the maximum voltage level, the voltage to be applied 

50 to the battery 5 is a constant voltage. Accordingly, the 
circuit for turning the charging voltage into a constant 
voltage is called a constant-voltage circuit, a voltage 
regulator, a constant-voltage control circuit, or a con- 
stant-voltage charger control circuit. This constant-volt- 

55 age charging will be described later in detail, witii 
reference to FIG. 5. 

[0039] A circuit having both a current regulator and 
a voltage regulator or both functions of a current regula- 
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tor and a voltage regulator is called a constant volt- 
age/current control circuit or a voltage/current regulator. 
[0040] FIG. 4 is a flowchart of an operation of the 
microcomputer of a conventional power supply unit. 
10041] First in step S1-1, the microcomputer 11 s 
determines whether all charge starting conditions are 
satisfied or not. The charge starting conditions that rep- 
resented by voltages are: that the AC adapter 1 is sup- 
plying a voltage, that the battery 5 is connected, and 
that the battery 5 is not full. io 
[0042] When the output of the voltage comparator 

10 is high, the microcomputer 1 1 determines that a volt- 
age IS supplied from the AC adapter 1. By detecting 
whether the output of the differential amplifier 9 is higher 
than a predetermined level or not, the microcomputer is 

1 1 determines whether the battery 5 is fully charged or 
not When the battery 5 is not fully charged, a cuirent 
flows through the charging current detecting resistor 
RO, generating voltages at both ends of the charging 
cun-ent detecting resistor RO, and making the output of 20 
the differential anplifier 9 higher than the predeter- 
mined level. 

[0043] When all the charge starting conditions are 
satisfied, the microcomputer switches on the control 
unit 7 in step S1-2. In accordance with the voltages at 25 
both ends of the resistor R1 and the charging current 
delecting resistor RO. the control unit 7 performs PWM 
control on the current to be supplied to the battery 5. 
[0044] In step SI -3. the microcomputer 11 deter- 
mines whether the charging current becomes lower 30 
than a predetermined value during the charging. This 
determination is made based on the output signal from 
the differential anrplifier 9. When the charging current 
becomes lower than a predetermined value, tiie volt- 
ages at both ends of the charging current detecting 35 
resistor RO drop, and the output of the differential ampli- 
fier 9 becomes small. Thus, whether tiie charging cur- 
rent is lower tiian the predetermined value can be 
determined from the output of the differential amplifier 9. 
[0045] If tiie charging current is determined not to 40 
be smaller than the predetermined value in the step SI - 
3, the charging is continued. If the charging current is 
determined to be smaller than the predetermined value 
in the step S1-3, tiie microconrputer 1 1 determines that 
the charging of tiie battery 5 has been completed, and 45 
stops tiie operation of the control unit 7, thereby stop- 
ping the charging of the battery 5. 
[0046] FIG. 5A shows the charging voltage charac- 
teristics of tiie battery 5, and FIG. 5B shows the charg- 
ing current characteristics of the battery 5. so 
[0047] As shown in FIG. 5A. if the battery 5 is in a 
constant-voltage state at time t1, the charging current I 
decreases after the time t1 as shown in FIG. 58. When 
the charging current I reaches a predetermined level 10 
at time t2, as shown in FIG. 5B, the microcomputer 1 1 55 
stops the operation of the control unit 7, therelDy stop- 
ping the charging of the battery 5. 
[0048] More specifically, when the current flowing 



ttirough ttie load 6 is not large, the control unit 7 controls 
tiie charging by tiie output of either the en-or amplifier 1 8 
or tiie error amplifier 19, because ttie output of the en-or 
amplifier 17 does not become the smallest one among 
ttie tiiree error amplifiers 17 to 19. In FIGS. 5A and 5B, 
at tiie start of charging the battery 5 (a lithium battery, 
specifically), the output of the error amplifier 18 is 
smaller than tiie otiier positive inputs. Therefore, tiie 
control unit 7 controls the charging current so tiiat the 
battery 5 is charged witii a constant cun-ent until the 
time t1, as shown in FIG. 5B. Accordingly, in the initial 
stage of charging, tiie error amplifier 18 provides the 
battery 5 witii a current having a value corresponding to 
tiie reference voltage Vref2 generated from the refer- 
ence voltage supply 14. 

[0049] As shown In FIG. 5A, when tiie voltages 
rises to a predetermined voltage at the time t1 . the out- 
put voltage of the en'or amplifier 19 shown in FIG. 2 
becomes the lowest, and the charging is controlled with 
the output of the error amplifier 19. After the time t1 . the 
voltage to be applied to ttie battery 5 is controlled to be 
a constant voltage. As mentioned before, the charging 
current gradually decreases after tiie time t1 . 
[0050] It should be noted that Japanese Laid-Open 
Patent Application No. 8-182219 discloses a battery 
charge control circuit having the above structure. 
[0051] In the conventional charger circuit, however, 
the switching transistor Tri is controlled by tfie control 
unit 7 in accordance witii the voltage of tiie AC adapter 
1 and the current to be supplied to the battery 5. When 
the current demanded by the load 6 increases and 
exceeds the current supply capacity of tiie AC adapter 
1 , most of the output current of the AC adapter 1 is sup- 
plied to the load 6 through the resistor R1 . tiie diode D1 . 
and tiie DC/DC converter 4, even though the battery 5 
is not fully charged. 

[0052] The AC adapter is connected to the battery 5 
as well as to the load 6. The battery 5 can be charged 
even when the load 6 is on (i.e., when tiie load 6 con- 
sumes power). Accordingly, the AC adapter 1 charges 
the battery 5 and supplies the load 6 with power at the 
same time. When the power consumption of the load 6 
is not very large, the battery 5 is charged in accordance 
with the charging characteristic shown in FIGS. 5A and 
5B. If the power consumption of tiie load 6 becomes 
larger than the current supply capacity of the AC 
adapter 1 , ttie switching transistor Tr1 is conti'olled in 
accordance witii the output of the error amplifier 17 
shown in FIG. 2, and the charger 6 is supplied with less 
and less current. This is because the error amplifier 17 
drives the driver 22 via the PWM comparator 21 , so that 
the sum of the currents to be supplied to the load 6 and 
the battery 5 equals the maximum supply current of the 
AC adapter 1. Accordingly, while the load 6 is supplied 
with the power from the AC adapter 1 , the en'or amplifier 
1 7 supplies current to the load 6 in accordance with the 
power consumption of the load 6. Accordingly. If the 
power consumption of the load 6 becomes equal to the 
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maximum supply current of the AC adapter 1, the 
charger circuit 6 receives no current at all. and no cur- 
rent flows through the charging cun^ent detecting resis- 
tor RO. As no cun-ent flows through the charging current 
detecting resistor RO. the voltage of the charging cur- 5 
rent detecting resistor RO drops. When the voltage of 
the charging current detecting resistor RO drops, the 
microcomputer 11 determines that the charging of the 
battery 5 has been completed, and stops the operation 
of the control unit 7. 

[0053] The above wrong determination is likely to 
occur when the capacity of the AC adapter is not suffi- 
ciently large. 

[0054] In a case where a plurality of secondary bat- 
teries are mounted in an electronic device such as a is 
notebook computer, one charger circuit charges the plu- 
rality of secondary batteries connected in parallel. In 
such a parallel charging operation, more charging cur- 
rent flows into batteries having less power left than the 
other batteries, while less or no charging current flows 20 
into the other batteries having more power left. If one of 
the batteries has only an extremely small amount of 
power left, the remaining batteries might be supplied 
with no power at all. With no power being supplied, the 
microcomputer might wrongly determine that the charg- 2s 
ing has been completed. 

[0055] As described above, the conventional 
charger circuit has the problem that the operation of the 
control unit 7 is stopped even though the battery 5 is not ^ 
fully charged. 30 
[0056] Also, as mentioned before, when a battery is 
charged by a charger for an electronic device such as a 
notebook computer, the required amount of current may 
not always be supplied to the secondary battery, in an 
attempt to perform the charging in a shortest possible 35 
period of time. If the electronic device requires a large 
amount of power to operate, the charging current to be 
supplied to the secondary battery becomes very small. 
As a result, the wrong determination that the charging of 
the secondary battery has been completed will be 40 
made. 

SUMMARY OF THE INVENITIOM 

[0057] A general object of the present invention is to 4s 
provide battery charge control circuits, battery charging 
devices, and battery charge control methods, in which 
the above disadvantages are eliminated. 
[0058] A more specific object of the present inven- 
tion is to provide a battery charge control method, In 50 
which a wrong determination as to whether the charging 
of a battery has been completed can be prevented. 
Another specific object of the present invention is to pro- 
vide a battery charge control circuit, a battery charging 
device, and a battery charge control method, in which 55 
wrong operations of a charger circuit can be prevented. 
[0059] The above objects of the present invention 
are achieved by a battery charge control circuit, which 



has a restricted state notifying unit which detects a 
restriction on the supply capacity of a power source, 
and outputs a notification that the supply capacity of the 
power source is restricted. 

[0060] With the akjove structure, a wrong determi- 
nation as to whether the charging of a battery has been 
completed can be prevented, in a case where the sup- 
ply capacity of the power source is restricted, a current 
is supplied to a load, and the charging cun'ent for the 
battery decreases accordingly 
[0061] The above objects of the present invention 
are also achieved by a battery charge control circuit, 
which includes a first control circuit for controlling the 
charging cun-ent for the battery so that the battery can 
be charged in accordance with predetermined charging 
conditions, and a second control circuit for controlling 
the charging current so that the power demanded from 
the power source does not exceed the capacity of the 
power source. In this battery charge control circuit, a 
notification when the charging current is being control- 
led by the second control circuit is outputted. 
[0062] With the above structure, it can be deter- 
mined that the supply capacity of the power source is 
restricted when the charging current is controlled by the 
second control circuit. Thus, no mistaken determination 
that the charging of the battery has been con^pleted will 
be made when a cun-ent is supplied to a load and the 
charging cun-ent for the fcattery decreases accordingly 
[0063] The above objects of: the present invention 
are also achieved by a battery charging device, which 
has a restricted state notifying unit which detects a 
restriction on the supply capacity of a power source, 
and outputs a notification that the supply capacity of the 
power source is restricted. The battery charging device 
may includes a first control circuit which controls the 
charging current of the battery so that the battery is 
charged in accordance with predetermined charging 
conditions, and a second control circuit which controls 
the charging current so that the power demanded from 
the power source does not exceed the capacity of the 
power source. In this l^attery charging device, the 
restricted state notifying unit outputs a notification that 
the charging current is controlled by the second control 
circuit. 

[0064] The above objects of the present invention 
are also achieved by a battery charge control method 
comprising the steps of: detecting a restriction on the 
supply capacity of a power source which supplies cur- 
rent to a load and charges a battery part; and continuing 
the charging of the battery part when the supply capac- 
ity of the power source is restricted. 
[0065] The above and other objects and features of 
the present invention will become more apparent from 
the following description taken in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIPTION QF THE DRAWINGS 
[0066] 

FIG. 1 is a block diagram of an example structure of 
the prior art; 

FIG. 2 is a block diagram of a control unit of the 
example structure of the prior art; 
FIG. 3A shows a waveform of each output of error 
amplifiers of the example structure of the prior art; 
FIG. 3B shows a switching state of a switching tran- 
sistor of the example structure of the prior art; 
FIG. 4 is a flowchart of an operation of a microcom- 
puter of the example structure of the prior art; 
FIG. 5 shows charging characteristics of a battery 
of the prior art; 

FIG. 6 is a block diagram of a first embodiment of a 
power supply unit of the present invention; 
FIG. 7 is a block diagram of a control unit of the first 
ent)odiment of the present invention; 
FIG. 8 is a flowchart of an operation of a microcom- 
puter of the first embodiment of the present Inven- 
tion; 

FIG. 9 is a block diagram of a first modification of 
the control unit of the first emtxxliment of the 
present invention; 

FIG. 1 0 is a block diagram of a second modification 
of the control unit of the first embodiment of the 
present invention; 

FIG. 11 is a block diagram of a second embodiment 
of the power supply unit of the present invention; 
FIG. 12 is a block diagram of a control unit of the 
second embodiment of the present Invention; 
FIG. 13 is a block diagram of a first modification of 
tiie control unit of the second embodiment of the 
present invention; 

FIG. 14 is a block diagram of a second modification 
of the control unit of the second embodiment of tiie 
present Invention; 

FIG. 1 5 is a block diagram off a third embodiment of 
the power supply unit of the present invention; 
FIG. 16 is a block diagram of a control unit of the 
third embodiment of the present invention; 
FIG. 1 7 is a block diagram of a first modification of 
the control unit of the tiilrd embodiment of the 
present invention; 

FIG. 18 is a block diagram of a second modification 
of the control unit of the third embodiment of the 
present invention; 

FIG. 19 is a block diagram of a fourth embodiment 
of the power supply unit of the present invention; 
FIG. 20 is a block diagram of a control unit of tiie 
fourth embodiment of the present invention; 
FIG. 21 is a block diagram of a first modification of 
the control unit of the fourth embodiment of tiie 
present invention; 

FIG. 22 is a block diagram of a second modification 
of tiie control unit of the fourth embodiment of the 
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present invention; 

FIG. 23 is a block diagram of a fifth embodiment of 
tiie power supply unit of the present invention; 
FIG. 24 is a block diagram of a control unit of tiie 
fifth embodiment of the present invention; 
FIG. 25 is a block diagram of a sixth embodiment of 
the power supply unit of the present invention; and 
FIG. 26 is a block diagram of a conti-ol unit of tiie 
sixth embodiment of tiie present invention. 

DESCRIPTION OF THE PREF ERRED EMBQDU 
MENTS 



[0067] The following is a desaiption of embodi- 
15 ments of the present invention, with reference to the 
accompanying drawings. 

[0068] FIG. 6 is a block diagram showing a first 
embodiment of the present invention. In this drawing, 
the same components as in FIG. 1 are denoted by the 

20 same reference numerals. 

[0069] This embodiment differs from the sb-ucture 
shown in FIG. 1 in the charger circuit. More specifically, 
the different features of the charger circuit 30 of tills 
embodiment from the charger circuit 24 of FIG. 1 are the 

25 structure of a control unit 31 which constitutes a volt- 
age/current regulator togetiier with the switching tran- 
sistor Tri , the choke coil LI , the diode D3, the capacitor 
CI, and the charging current detection reslster RO, and 
the operation of a microcomputer 32. 

30 [0070] The control unit 31 of tills embodiment out- 
puts a discriminating signal for determining which factor 
restricts the charging current. The discriminating signal 
is generated based on the output current of the AC 
adapter 1 . tiie charging current for the battery 5, and the 

35 charging voltage for tiie battery 5. From tiie discriminat- 
ing signal. It can be determined whether the charging 
current for the t>attery 5 is restricted due to an increase 
in current consumption of the load 6 or in accordance 
with a result of detection carried out by the charger cir- 

40 cuit 30. The microcomputer 32 controls tiie operation of 
tiie cont-ol unit 31 in accordance with tiie discriminating 
signal from the conti-ol unit 31. 
[0071] FIG. 7 is a block diagram of the conti-ol unit 
of the first embodiment of the present invention. In this 

45 figure, the same components as in FIG. 2 are denoted 
by the same reference numerals. 
[0072] The conta-oi unit 31 has a voltage comparator 
33 which compares the output of the error anplifier 17 
with the outputs of the enror amplifiers 18 and 19. This 

50 control unit 31 is the IC of one chip, for instance, and 
has input terminals T1 to T6 and output terminals T7 
and T8. The input terminal T1 is connected to the con- 
nection point between the resistor R1 and the power 
supply connector 3 outside the control unit 31, while 

55 being connected to the non-inverting input terminal of 
the differential anplifier 15 inside the control unit 31. 
The input terminal T2 is connected to the connection 
point between the resistor R1 and the diode D1 outside 
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the control unit 31. while being connected to the invert- 
ing input terminal of the differential amplifier 15 Inside 
the control unit 31. 

[0073] The input terminal T3 is connected to the ref- 
erence voltage supply 13 outside the control unit 31, s 
while being connected to the non-inverting Input termi- 
nal of the error amplifier 17 inside the control unit 31. 
The input terminal T4 is connected to the connection 
point between the choke coil LI and the charging cur- 
rent detecting resistor RO outside the control unit 31. io 
while being connected to the non-inverting input termi- 
nal of the differential amplifier 16 inside the control unit 
31. 

[0074] The Input terminal T5 is connected to the 
connection point between the charging current detect- 75 
ing resistor RO and the battery 5 outside the control unit 
31, while being connected to the inverting Input termi- 
nals of the differential amplifier 16 and the enror ampli- 
fier 19 inside the control unit 31. The input terminal T6 
is connected to the reference voltage supply 14 outside 20 
the control unit 31, while being connected to the non- 
inverting input terminal of the error an^lifler 18 inside 
the control unit 31 . 

[0075] The output terminal T7 is connected to the 
microcomputer 32 outside the control unit 31. while 25 
being connected to tiie driver 22 inside the control unit 
31. The output terminal T8 is connected to the micro- 
computer 32 outside the control unit 31, while being 
connected to the voltage comparator 33 inside the con- 
trol unit 31 . 30 
[0078] The voltage comparator 33 Is a three-input 
comparator. The output of the error amplifier 17 is sup- 
plied to the non-inverting terminal of the voltage compa- 
rator 33, and the outputs of the error amplifiers 18 and 
19 are supplied to the non-Inverting input terminals of as 
the voltage comparator 33. The voltage comparator 33 
compares tiie outputs of the error amplifiers 18 and 19 
with the output of the error amplifier 17. The voltage 
comparator 33 outputs a signal which is high when 
either of the outputs of the error amplifiers 1 8 and 1 9 is 40 
larger than the output of the error amplifier 1 7, and 
which is low when the outputs of tiie error amplifiers 18 
and 19 are both smaller than the output of the error 
amplifier 1 7. Accordingly, when the output of the voltage 
comparator 33 Is high, the PWM comparator 21 is con- 45 
trolled by the output current of the AC adapter 1 . When 
the output of the voltage comparator 33 is low. the PWM 
comparator 21 is controlled in accordance with the state 
of the battery 5. 

[0077] When the output signal from the voltage so 
comparator 33 is low, the microcomputer 32 switches on 
and off the control unit 31 in accordance with the out- 
puts of the differential amplifier 9 and the voltage com- 
parator 10. When the output signal from the voltage 
comparator 33 is high, the microcomputer 32 maintains 55 
the control unit 31 in the switched-on state, regardless 
of the outputs of tiie differential amplifier 9 and the volt- 
age comparator 10. 



[0078] FIG. 8 is a flowchart of the operation of the 
microconrputer of the first embodiment of the present 
invention. 

[0079] First in step S2-1. the microcomputer 32 
determines whether all ttie charge starting conditions 
are satisfied, as In the step S1-1 in FIG. 4. 
[0080] If all the charge starting conditions are satis- 
fied, the microconputer 32 switches on the control unit 
31 in step S2-2. The control unit 31 then performs PWI^ 
control on the current to be supplied to the battery 5 in 
accordance with the voltages at both ends of the resis- 
tor R1 and the charging current detecting resistor RO. 
[0081] In step S2-3. the microcomputer 32 deter- 
mines whether the charging current becomes lower 
than a predetermined value during the charging. The 
determination is made from the output signal from the 
differential amplifier 9. When the charging current 
becomes lower than the predetermined value, the volt- 
ages at botii ends of the charging current detecting 
resistor RO also decrease, and the output of the differ- 
ential amplifier 9 becomes smaller. Accordingly, 
whether tfie charging cun^ent becomes lower than the 
predetermined value can be determined from the output 
of the differential amplifier 9. 

[0082] If the charging current is determined not to 
be lower than the predetermined value in the step S2-3, 
tiie charging is continued. If the charging current is 
determined to be lower than the predetermined value in 
tiie step S2-3. the microcomputer 32 determines 
whether the AC adapter 1 restricts the cun^ent to be sup- 
plied to the battery 5 in step S2-4. This determination is 
made from a signal outputted from the output terminal 
T8. If the output of the voltage comparator 33 is high, 
the microcomputer 32 determines that the AC adapter 1 
restricts the current to be supplied to the battery 5. 
[0083] If the AC adapter 1 restricts the current to be 
supplied to the battery 5. i.e., if the output signal of the 
output terminal T8 is high, the microcomputer 32 
returns to tiie step S2-3 to continue the operation of the 
control unit 31 . 

[0084] If tiie AC adapter 1 does not restrict the cur- 
rent to be supplied to the battery 5. I.e.. if the output sig- 
nal from the output terminal T8 is low, the 
microcomputer 32 determines that the battery 5 has 
been fully charged, and stops the operation of ttie con- 
trol unit 3 1 , thereby ending the charging of the battery 5, 
[0085] As described so far, even If tiie AC adapter 1 
resb-icls tiie current to be supplied to tiie battery 5 
because of an increase in current consumption in the 
load 6, the microcomputer 32 determines, from a 
decrease in charging current and a decrease in charg- 
ing voltage for the battery 5, tiiat the battery 5 is not full, 
and does not stop the operation of the control unit 31. 
By doing so, the battery 5 can be recharged when the 
current consumption by tiie load 6 decreases. Thus, the 
battery 5 can be fully charged. 

[0086] In this embodiment, a restriction on the cur- 
rent in the AC adapter is detected by the voltage compa- 
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rator 33 comparing the outputs of the error amplifiers 17 
to 19. However, it is also possible to detect the current 
restriction by comparing the outputs of the en-or amplifi- 
ers 18 and 19 with a predetermined reference voltage. 
[0087] FIG. 9 is a block diagram of a first modifica- s 
tion of the control unit of the first enr^odiment of the 
present invention. In this figure, the same components 
as in FIG. 7 are denoted by the same reference numer- 
als. 

[0088] A modified control unit 40 supplies the out- io 
puts of the error amplifiers 18 and 19 to the two non- 
inverting input terminals of the voltage comparator 33. 
and supplies a reference voltage Vref4 from a reference 
voltage supply 42 to the inverting input terminal of the 
voltage comparator 33. is 
[0089] The voltage comparator 33 conpares the 
outputs of the error amplifiers 18 and 19 with the refer- 
ence voltage Vref4 generated from the reference volt- 
age supply 42. The voltage comparator 33 outputs an 
output signal through the output terminal T8. When the 20 
outputs of the en-or amplifiers 18 and 19 are lower than 
the reference voltage Vref4 generated from the refer- 
ence voltage supply 42, the output signal from the volt- 
age comparator 33 is low. When the outputs of the error 
amplifiers 18 and 19 are higher than the reference volt- 25 
age Vref4 generated from the reference voltage supply 
42. the output signal from the voltage comparator 33 is 
high. 

[0090] The reference voltage Vref4 generated from 
the reference voltage supply 42 is set larger than the 30 
maximum value of the saw-tooth wave generated by the 
triangular wave oscillator 2. so that the outputs of the 
error amplifier 18 and 19 beyond the control range can 
be detected. 

[0091] When the power supply capacity off the AC 3S 
adapter 1 is limited, the current to be supplied to the bat- 
tery 5 is smaller than the current supplied from the bat- 
tery 5. In such a situation, the outputs of the error 
amplifiers 18 and 19 exceed the control range. There- 
fore, the reference voltage Vref4 is set larger than the 40 
saw-tooth wave generated from the triangular wave 
oscillator 20. so that the restriction on the power supply 
capadty of the AC adapter 1 can be detected when the 
outputs of the error amplifiers 18 and 19 become higher 
than the reference voltage Vref4. 45 
[0092] In this modification, the restriction on the 
cun-ent in the AC adapter 1 is detected by comparing 
the outputs of the en-or amplrffiers 18 and 19, i.e., errors 
in charging current and charging voltage, with the refer- 
ence voltage Vref4. However, it is also possible to detect so 
the restriction on the current in the AG adapter 1 from 
the output current of the AC adapter 1 . 
[0093] FIG. 10 is a block diagram of a second mod- 
ification of the control unit of the first embodiment of the 
present invention. In this figure, the same components 55 
as in FIG. 7 are denoted by the same reference numer- 
als. 

[0094] A modified control unit 50 has a two-input 



voltage conrparator 51 and a reference voltage supply 
52 in place of the three-input voltage comparator 33 and 
the reference voltage supply 42. The output of the en-or 
amplifier 17 is supplied to the inverting input terminal of 
the two-input voltage comparator 51. while a reference 
voltage Vref5 generated from the reference voltage sup- 
ply 52 is supplied to the non-inverting input terminal of 
the two-input voltage comparator 51 . 
[0095] The two-input voltage comparator 51 com- 
pares the output of the error amplifier 17 with the refer- 
ence voltage VrefS. The two-input voltage comparator 
51 outputs a signal which is low when the output off the 
en^or anplifier 17 is higher than the reference voltage 
Vref5 and is high when the output of the error amplifier 
17 is lower than the reference voltage VrefS, 
[0096] As the output current of the AC adapter 1 
increases and approaches the power supply capacity, 
the output of the error amplifier 17 decreases. As the 
output of the error amplifier 1 7 becomes lower than the 
reference voltage VrefS, the output signal from the volt- 
age comparator 51 becomes high. Thus, the restriction 
on the output current of the AC adapter 1 can be 
detected. 

[0097] In the first embodiment, the current of the AC 
adapter 1 is detected from the voltages at both ends of 
the resistor R1 . so that the control unit 31 . 40, or SO can 
be controlled. However, it is also possible to control the 
control unit with the voltage of the AC adapter 1 . 
[0098] FIG. 11 is a block diagram of a second 
embodiment of the present invention. In this figure, the 
same components as in FIG. 6 are denoted by the same 
reference numerals. 

[0099] A power supply unit 60 of this embodiment 
does not have the resistor R1 for detecting the output 
current of the AC adapter 1 . and a charger circuit 61 has 
a different structure from the charger circuit 30 of the 
first embodiment. The output current of the adapter 1 is 
supplied to the DC/DC converter 4 via the diode D1 . 
[0100] The charger circuit 61 of this embodiment 
has a control unit 62 which has a different structure from 
the control unit 31 of the first embodiment. The control 
unit 62 of this embodiment detects the output voltage of 
the AC adapter 1 and the charging cun-ent and the 
charging voltage for the battery to control the switching 
transistor Tri. 

[01 01 ] FIG. 1 2 is a block diagram of the control unit 
of the second embodiment of the present invention. In 
this figure, the same components as in FIG. 7 are 
denoted by the same reference numerals. 
[01 02] The control unit 62 of this embodiment com- 
prises the differential amplifier 16. the error amplifiers 
18 and 19. an error amplifier 63, the triangular wave 
oscillator 20, the PWM comparator 21 . the driver 22. the 
reference voltage supply 23, and a reference voltage 
supply 64. 

[0103] The output voltage of the AC adapter 1 is 

applied to the input terminal T2. The input terminal T2 is 
connected to the non-inverting input terminal of the 
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error amplifier 63. The inverting input terminal of the 
error amplifier 63 is connected to the reference voltage 
supply 64. 

10104] The enror anplifier 63 outputs a differential 
signal of the output voltage of the adapter 1 and a refer- s 
ence voltage Vref6 generated from the reference volt- 
age supply 64. The output of the error amplifier 63 is 
supplied to the inverting input terminal of the three-input 
voltage comparator 33. The outputs of the error amplifi- 
ers 1 8 and 1 9 are supplied to the non-Inverting Input ter- io 
minals of the voltage comparator 33. The three-input 
voltage comparator 33 compares the outputs of the 
error anpiifiers 18 and 19 with the output of the error 
amplifier 63. 

[0105] The voltage comparator 33 outputs a signal is 
which is low when the outputs of the error amplifiers 18 
and 19 are both smaller than the output of the error 
amplifier 63, and which is high when either of the out- 
puts of the error amplifiers 18 and 19 is larger than the 
output of the en-or amplifier 63. 20 
[0106] When the outputs of the error amplifiers 18 
and 19 are both smaller than the output of the error 
amplifier 63. it is determined that a normal operation is 
being carried out. When either of the outputs of the error 
amplifiers 18 and 19 is larger than the output of the error 2s 
amplifier 63, it is determined that the output current of 
the adapter 1 is restricted. 

[0107] The output of the voltage conparator 33 is 
supplied to the microcomputer 32, which then carries 
out the operation shown in FIG. 8. Thus, the control unit 30 
62 is not stopped due to the restriction on the current of 
the AC adapter 1. 

[0108] In this embodiment, the voltage comparator 
33 compares the outputs of the error amplifiers 18 and 
19 with the output of the en-or amplifier 63. However, it 35 
is also possible to compare the outputs of the error 
amplifiers 18 and 19 with a predetermined reference 
voltage. 

[0109] FIG. 13 is a block diagram of a first modifica- 
tion of the control unit of the second embodiment of the 40 
present invention, in this figure, the same components 
as in FIG. 12 are denoted by the same reference numer- 
als. 

[0110] A modified control unit 70 has a reference 
voltage supply 71 connected to the inverting input termi- 45 
nal of the voltage comparator 33. The voltage compara- 
tor 33 outputs a signal which is low when the outputs of 
the error amplifiers 18 and 19 are both lower than a ref- 
erence voltage Vref7 generated from the reference volt- 
age supply 71, and which is high when either of the 50 
outputs of the error amplifiers 18 and 19 is higher than 
the reference voltage Vref7 generated from the refer- 
ence voltage supply 71 . 

[0111] When the outputs of the error amplifiers 18 
and 19 are both lower than the reference voltage Vref7 ss 
generated from the reference voltage supply 71, it is 
determined that a normal operation is being carried out. 
When either of the outputs of the error amplifiers 1 8 and 



1 9 is higher than the reference voltage Vref7 generated 
from the reference voltage supply 71, it is determined 
that the output current of the adapter 1 is restricted. 
[0112] The output of the voltage comparator 33 is 
supplied to the microcomputer 32, which in turn per- 
forms the operation shown in FIG. 8. Thus, the opera- 
tion of the control unit 70 is not stopped due to the 
restriction on the cun-ent in the AC adapter 1 , 
[0113] In this modification, the voltage comparator 
33 conpares the outputs of the error amplifiers 18 and 
19 with the reference voltage Vref7 generated from the 
reference voltage supply 71 . However, it is also possible 
to compare the output of the error amplifier 63 with a 
predetermined reference voltage. 
[01 14] FIG. 1 4 is a block diagram of a second mod- 
ification of the control unit of the second embodiment of 
the present Invention. In this figure, the same compo- 
nents as in FIG. 13 are denoted by the same reference 
numerals. 

[0115] A modified control unit 80 has a two-input 
voltage comparator 81 in place of the three-input volt- 
age comparator 33. The output of the error amplifier 63 
is supplied to the inverting input terminal of the voltage 
comparator 81, while a reference voltage supply 82 is 
connected to the non-inverting input terminal of the volt- 
age comparator 81. 

[0116] The voltage comparator 81 outputs a signal 
which is low when the output of the error amplifier 63 is 
lower than a reference voltage Vref8 generated from the 
reference voltage supply 82, and which is high when the 
output of the error amplifier 63 is higher than the refer- 
ence voltage Vref 8 generated from the reference volt- 
age supply 82. 

[0117] When the output of the error amplifier 63 is 
lower than the reference voltage Vref8 generated from 
the reference voltage supply 81, i.e., when the error is 
small, it is determined that a normal operation is being 
carried out. When the output of the en-or amplifier 63 is 
higher than the reference voltage Vref8 generated from 
the reference voltage supply 81. i.e.. when the error is 
large, it is determined that the output current of the 
adapter 1 is restricted. 

[0118] The output of the voltage comparator 81 is 
supplied to the microcomputer 32. which in turn per- 
forms the operation shown in FIG. 8. Thus, the opera- 
tion of the control unit 80 is not stopped due to the 
restriction on the power supply capacity of the AC 
adapter 1 . 

[0119] It should be noted that, in the first and sec- 
ond embodiments, the charging of the battery 5 is con- 
trolled. However, the battery charge control methods 
can be applied to a plurality of batteries aligned in paral- 
lel. 

[01 20] FIG. 1 5 is a block diagram of a third embod- 
iment of the present invention. In this figure, the same 
components as in FIG. 6 are denoted by the same ref- 
erence numerals. 

[0121] A power supply unit 90 of this embodiment 
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has batteries 91 and 92 connected in parallel, and a 
charger circuit 93 which charges the batteries 91 and 92 
in parallel. 

[0122] The charger circuit 93 comprises the swrtch- 
ing transistor Tri , a control unit 94, a choke coil L2, the s 
flywheel diode D3, the smoothing capacitor 01, charg- 
ing current detecting resistors R1 1 and R12. differential 
amplifiers 106 and 107, the voltage comparator 10, the 
microcomputer 32, the reference voltage supplies 12 
and 13, reference voltage supplies 95 and 96, and io 
diodes D11 to D44. 

I0123J The charging current detecting resistor R1 1 
detects a charging current for the battery 91 . The charg- 
ing current detecting resistor R12 detects a charging 
cun^ent for the battery 92, The diodes D11 to D14 pro- is 
tect the batteries 91 and 92. 

[0124] The charging current detecting resistor R1 1 
is connected to the control unit 94 and the differential 
amplifier 106. The differential amplifier 106 supplies the 
microcomputer 32 with an output corresponding to the 20 
potential difference between both ends of the charging 
current detecting resistor R1 1 . 
[0125] The charging current detecting resistor R12 
is connected to the control unit 94 and the differential 
amplifier 1 07. The differential amplifier 1 07 supplies the 25 
microcorr^uter 32 with an output corresponding to the 
potential difference between both ends of the charging 
current detecting resistor R 1 2 . 

[0126] The control unit 94 controls the switching 
transistor Tri with the output current of the AC adapter 30 
1 and the charging currents for the batteries 91 and 92 
detected by the charging current detecting resistors 
R11andR12. 

[01 27] FIG. 1 6 is a block diagram of the control unit 
of the third embodiment of the present invention. In this 35 
figure, the same components as in FIG. 7 are denoted 
by the same reference numerals. 
[0128] The control unit 94 of this embodiment com- 
prises the differential anrplifier 15. differential amplifiers 
97 and 98, the error amplifier 17, en-or amplifiers 99 to 40 
102. the triangular wave oscillator 20, the driver 22, a 
reference voltage supply 103, a PWM comparator 104, 
and a voltage comparator 105. 
[0129] The control unit 94 has the input terminals 
T1 to T3. input terminals T1 1 to T1 6, and the output ter- 45 
minals T7 and T8. Both ends of the resistor R1 are con- 
nected to the input terminals T1 and T2, and the 
reference voltage supply 13 is connected to the input 
terminal T3. Both ends of the resistor R11 are con- 
nected to the input terminals Til and T12. while both so 
ends of the resistor R12 are connected to the Input ter- 
minals T13 and T14. The reference voltage supply 95 is 
connected to the input terminal T15. while the reference 
voltage supply 96 is connected to the input terminal 
TIB. The output terminals T7 and T8 are connected to ss 
the microcomputer 32, 

[0130] The input terminal Til is connected to the 
non-inverting input terminal of the differential amplifier 



97, while the input terminal T12 is connected to the 
inverting input terminals of the differential amplifier 97 
and the error amplifier 101. The differential amplifier 97 
outputs a signal corresponding to the voltages at both 
ends of the resistor R11, i.e., a signal conresponding to 
the charging current lor the battery 91 . 

[0131] The input terminal T13 is connected to the 
non-inverting input terminal of the differential amplifier 

98, while the input temiinal T14 is connected to the 
inverting input terminals of the differential amplifier 98 
and the error amplifier 102. The differential amplifier 98 
outputs a signal corresponding to the voltages at both 
ends of the resistor R12, i.e., a signal conresponding to 
the charging current for the battery 92. 

[0132] The reference voltage supply 103 is con- 
nected to the non-inverting input terminals of the error 
amplifiers 101 and 102. The error amplifier 101 outputs 
a differential signal of the charging voltage for the bat- 
tery 91 and a reference voltage generated VreflO from 
the reference voltage supply 103. The error amplifier 
102 outputs a differential signal of the charging voltage 
lor the battery 92 and the reference voltage generated 
from the reference voltage supply 103. 
[0133] The output of the differential amplifier 97 is 
supplied to the inverting input terminal of the error 
amplifier 99. The input terminal T15 is connected to the 
non-inverting input terminal of the error amplifier 99. 
The error amplifier 99 outputs a differential signal of the 
output of the differential amplifier 97 and a reference 
voltage Vref9a generated from the reference voltage 
supply 95. 

[0134] The output of the differential amplifier 98 is 
supplied to the inverting input terminal of the error 
amplifier 100. The input terminal T16 is connected to 
the non-inverting input terminal of the error amplifier 
100. The error amplifier 100 outputs a differential signal 
of the output of the differential amplifier 98 and a refer- 
ence voltage Vref9b generated from the reference volt- 
age supply 96. 

[0135] The outputs of the error amplifiers 17, 99, 

100, 101. and 102 are supplied to the non-inverting 
input terminals of the PWM comparator 104. The output 
of the triangular wave oscillator 20 is supplied to the 
inverting input terminal of the PWM comparator 104. 
[0136] The PWM comparator 104 compares each 
of the outputs of the error amplifiers 17, 99, 100. 101. 
and 102 with the output of the triangular wave oscillator 
20. The PWM comparator 104 then outputs the AND 
logic of the comparison result. The output signal of the 
PWM comparator 1 04 is high when any of the outputs of 
the error amplifiers 17, 99, 100. 101, and 102 is larger 
than the output of the triangular wave oscillator 20. The 
output signal is low when the outputs of the error ampli- 
fiers 17. 99. 100, 101, and 102 are all smaller than the 
output of the triangular wave oscillator 20. 

[0137] The outputs of the error amplifiers 99. 100, 

101, and 102 are also supplied to the non-inverting 
input terminals of the voltage comparator 105. Only the 
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output of the error amplifier 17 is supplied to the invert- 
ing input terminal of the voltage comparator 105. 
[0138] The voltage comparator 105 compares the 
outputs of the error amplifiers 99 to 102 supplied 
through the non-inverting input terminals with the output 
off the error amplifier 17 supplied through the Inverting 
input terminal. The voltage comparator 105 outputs the 
comparison result. The output signal of the voltage 
comparator 105 is low when the outputs of the error 
amplifiers 99 to 102 are all smaller than the output of the 
error amplifier 17. The output signal is high when any of 
the outputs of the error amplifiers 99 to 102 is larger 
than the output of the en-or amplifier 1 7. 
[01 39] When the AC adapter 1 operates in a normal 
state, the difference between the output current and the 
limiting cun-ent of the AC adapter 1 is large, and the out- 
put of the enor amplifier 17 is also large. Meanwhile, the 
difference between the current required for charging the 
batteries 91 and 92 with and the current to be actually 
supplied to the batteries 91 and 92 is small. Accordingly 
the output of the voltage comparator 105 becomes low. 
[0140] When the output current of the AC adapter 1 
approaches its capacity, the difference between the out- 
put current and the limiting cun-ent of the adapter 1 
becomes small, and the output of the en-or amplifier 1 7 
becomes also small. While the cun-ent is supplied to the 
load 6, the current supply to the batteries 91 and 92 Is 
stopped. Accordingly the difference between the cur- 
rent required for charging the batteries 91 and 92 and 
the current to be actually supplied to the batteries 91 
and 92 becomes large, and the output of the voltage 
comparator 105 becomes high. 
[0141] In this manner, a restriction on the cun-ent in 
the AC adapter 1 can be detected. In accordance with 
the output of the voltage comparator 105. the micro- 
computer 32 canies out the procedures shown in FIG. 8 
so as to prevent a wrong operation. 
[0142] In this embodiment, the outputs of the error 
amplifiers 99 to 102 are compared with the output of the 
error amplifier 17, so that the restriction on the current 
off the AC adapter 1 can be detected. However, it is also 
possible to detect the restriction on the current in the AC 
adapter 1 by comparing the outputs of the en-or amplifi- 
ers 99 to 102 with a predetermined reference voltage. 
The point of this operation is to detect a situation in 
which the power supply capacity of the AC adapter 1 is 
limited. 

[0143] FIG. 1 7 is a block diagram of a first modifica- 
tion of the control unit of the third embodiment of the 
present invention. In this figure, the same components 
as in FIG. 1 6 are denoted by the same reference numer- 
als. 

[0144] In a modified control unit 1 1 0, the outputs of 
the enror amplifiers 99 to 102 are supplied to the four 
non-inverting Input terminals of the voltage comparator 
105, and a reference voltage VrefH generated from a 
reference voltage supply 1 1 1 is supplied to the inverting 
input terminal of the voltage comparator 105. 



[01 45] The voltage comparator 1 05 then compares 
the outputs of the error amplifiers 99 to 1 02 with the ref- 
erence voltage VrefH generated from the reference 
voltage supply 111. The voltage comparator 105 out- 
5 puts a signal through the output terminal T8. The output 
signal of the voltage comparator 105 is low when the 
outputs of the en-or amplifiers 99 to 102 are all lower 
than the reference voltage Vrefll generated from the 
reference voltage supply 111. The output signal of the 
10 voltage comparator 1 05 is high when any of the outputs 
of the error amplifiers 99 to 102 is higher than the refer- 
ence voltage Vref 1 1 generated from the reference volt- 
age supply 111. 

[0146] The reference voltage Vrefll generated 
15 from the reference voltage supply 1 1 is set higher than 
the maximum value of the saw-tooth wave generated 
from the triangular wave oscillator 20, so that the out- 
puts of the error amplifier 99 to 102 outside the control 
range can be detected. 
20 [0147] When the AC adapter is in the cun-ent 
restricted state, the current to be supplied to the batter- 
ies 91 and 92 is smaller than the cun-ent supplied from 
the batteries 91 and 92. As a result, the outputs of the 
error amplifiers 99 to 102 exceed the control range. 
25 Therefore, the reference voltage Vrefl 1 is set higher 
than the saw-tooth wave generated from the triangular 
wave oscillator 20, so that the outputs of the error ampli- 
fiers 99 to 102 exceeding the reference voltage Vrefl 1 
can be detected. Thus, the current restrlcted state of the 
30 AC adapter 1 can be detected. 

[0148] In this modification, the outputs of the en-or 
amplifiers 99 to 102 are compared with the reference 
voltage Vrefl 1 to detect the current restricted state of 
the AC adapter 1. However, it is also possible to detect 
35 the power capacity restricted state of the AC adapter 1 
from the output current of the AC adapter 1. 
[01 49] FIG. 1 8 is a block diagram of a second mod- 
ification of the control unit of the third embodiment of the 
present invention. In this figure, the same components 
40 as in FIG. 1 7 are denoted by the same reference numer- 
als. 

[0150] A modified control unit 120 has a two-input 
voltage comparator 121 and a reference voltage supply 
122 in place of the five-Input voltage comparator 105 
45 and the reference voltage supply 111. The output of the 
error amplifier 1 7 is supplied to the inverting input termi- 
nal of the voltage comparator 121, while a reference 
voltage Vrefl 2 generated from the reference voltage 
supply 122 Is supplied to the non-Inverting input termi- 
50 nal of the voltage comparator 121. 

[0151] The voltage comparator 121 compares the 
output of the en-or amplifier 17 with the reference volt- 
age Vrefl 2. The voltage comparator 121 outputs a sig- 
nal through the output terminal T8. The output signal of 
55 the voltage comparator 121 Is low when the output of 
the error amplifier 1 7 is higher than the reference volt- 
age Vrefl 2. The output signal of the voltage comparator 
121 is high when the output of the error amplifier 1 7 is 
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lower than the reference voltage Vref12. 
[0152] As the output current of the AC adapter 1 
increases and approaches the limit, the output of the 
error amplifier 17 decreases. When the output of the 
error amplifier 17 becomes lower than the reference 
voltage Vref12, the output signal of the voltage compa- 
rator 121 becomes high. Thus, the restriction on the out- 
put current of the AC adapter 1 can be detected. 
[0153] In the third embodiment, each of the control 
units 94. 1 10, and 120 Is controlled with the voltages at 
both ends of the resistor R1 . However, it is also possible 
to control the control unit with the charging current for 
the batteries 91 and 92. 

[0154] FIG. 19 is a block diagram of a fourth 
embodiment of the power supply unit of the present 
invention. In this figure, the same components as in 
FIG. 15 are denoted by the same reference numerals. 
[0155] A power supply unit 130 of this embodiment 
does not have the resistor R1 for detecting the output 
cun-ent of the AC adapter 1 , and a charger circuit of this 
power supply unit 130 has a different structure from the 
charger circuit 93 of the third embodiment. In this 
embodiment, the output cun-ent of the AC adapter 1 is 
supplied to the DC/DC converter 4 via the diode D1 . 
[0156] A control unit 132 of the charger circuit 131 
has a different structure from the control unit 94 of the 
third embodiment. The control unit 132 detects the out- 
put voltage of the AC adapter 1 and the charging current 
and the charging voltage for the batteries. The control 
unit 132 then controls the switching transistor Tri with 
the detected output voltage, and the charging current 
and voltage for the batteries. 

[01 57] FIG. 20 is a block diagram of the control unit 
of the fourth embodiment of the present invention. In 
this figure, the same components as in FIG. 16 are 
denoted by the same reference numerals. 
[0158] The control unit 132 of this embodiment 
comprises the differential amplifiers 15, 97, and 98, the 
error amplifiers 17, 99. 100. 101. and 102, the triangular 
wave oscillator 20, the driver 22. the PWM comparator 
104, and the voltage conparator 105. 
[0159] A reference voltage generated from the ref- 
erence voltage supply 13 is supplied to the input termi- 
nal T3. The input terminal T3 is connected to the non- 
Inverting input terminal of the differential amplifier 15. 
The output of the differential amplifier 97 is supplied to 
the inverting input terminal of the differential amplifier 
15. 

[0160] The differential amplifier 15 outputs a differ- 
ential signal of the reference voltage generated from the 
reference voltage supply 13 and the output of the differ- 
ential amplifier 97. Accordingly, the output of the differ- 
ential amplifier 15 corresponds to the difference 
between the current supply capacity of the AC adapter 
1 and the charging current for the battery 91 . 
[0161] The output of the differential amplifier 15 is 
supplied to the non-inverting input terminal of the error 
amplifier 1 7. The output of the differential amplifier 98 is 



supplied to the inverting input terminal of the error 
anplifier 17. The error amplifier 17 then outputs a differ- 
ential signal of the output of the differential amplifier 15 
and the output of the differential amplifier 98. The output 
5 of tfie error amplifier 17 conresponds to the difference 
between the charging current for the battery 92 and the 
difference between the current supply capacity of the 
AC adapter 1 and the charging current for the battery 
91. The output of the enror amplifier 17 is supplied to 
10 one of the non-inverting input terminals of the PWM 
comparator 104 and the inverting input terminal of the 
voltage comparator 105. 

[01 62] The outputs of the en-or anplif iers 99 to 1 02 
are differences between the required charging currents 
75 and voltages and the actual charging currents and volt- 
ages for the batteries 91 and 92. Accordingly, as the 
amount of output current supplied from the AC adapter 
1 to the load 6 increases and the charging currents for 
the batteries 91 and 92 decrease, the outputs of the 
20 error amplifiers 99 to 1 02 become large. When the out- 
puts of the error amplifiers 99 to 102 become larger than 
the output of the en-or amplifier 17. it is determined that 
the current of the AC adapter 1 is restricted, and the out- 
put of the voltage comparator 105 becomes high. 
2S [01 63] The output of the voltage comparator 1 05 is 
supplied to the microcomputer 32. which in turn perform 
the procedures shown in FIG. 8, thereby preventing the 
control unit 132 from being stopped due to the restric- 
tion on current of the adapter 1 , 
30 [0164] In this embodiment, the voltage comparator 
105 compares the outputs of the error amplifiers 99 to 
102 with the output of the error amplifier 1 7. However, it 
is also possible to conpare the outputs of the error 
amplifiers 99 to 102 with a predetermined reference 
3S voltage. 

[01 65] FIG. 21 is a block diagram of a first modifica- 
tion of the control unit of the fourth embodiment of the 
present invention. In this figure, the same components 
as in FIG. 20 are denoted by the same reference numer- 
ic als. 

[0166] In a modified control unit 141, the reference 
voltage supply 111, instead of the output of the error 
amplifier 17, is connected to the inverting input terminal 
of the voltage conparator 105. The voltage comparator 
45 105 outputs a signal through the output terminal T8. 
The output signal of the voltage comparator 105 is low 
when the outputs of the error amplifiers 99 to 1 02 are all 
lower than the reference voltage generated from the ref- 
erence voltage supply 111. The output signal of the volt- 
50 age comparator 105 is high when any of the outputs of 
the error amplifiers 99 to 102 is higher than the refer- 
ence voltage generated from the reference voltage sup- 
ply 111. 

[0167] When the outputs of the error amplifiers 99 
55 to 102 are all lower than the reference voltage Vrefl 1 
generated from the reference voltage supply 111, it is 
determined that a normal operation Is being carried out. 
When any of the outputs of the error amplifiers 99 to 102 



Psitpnt nrrvwIHpH h\/ <;iinhrMP Minn PM T. - httn7/\AAAAA/ Qiinhnrp nnm 



25 



EP1043 824A2 



26 



is higher than the reference voltage Vref 1 1 generated 
from the reference voltage supply 1 11. it is determined 
that the output current of the AC adapter 1 is restricted. 
[0168] The output of the voltage comparator 105 is 
supplied to the microconputer 32, which in turn per- s 
forms the procedures shown in FIG. 8, so that the con- 
trol unit 141 can be prevented from being stopped due 
to the restricted current of the AC adapter 1 . 
[0169] In this modification, the voltage comparator 
105 compares the outputs of the error amplifiers 99 to io 
102 with the reference voltage Vref 11 generated from 
the reference voltage supply ill. However, it is also 
possible to compare the output of the error amplifier 1 7 
with a pred^ermined reference voltage. 
[01 70] FIG. 22 is a block diagram of a second mod- is 
if ication of the control unit of the fourth embodiment of 
the present invention. In this figure, the same compo- 
nents as in FIG. 21 are denoted by the same reference 
numerals. 

[0171] A modified control unit 150 has a two-input 20 
voltage comparator 151 in place of the voltage compa- 
rator 1 05. The output of the en^or amplifier 1 7 is supplied 
to the inverting terminal of the voltage comparator 151, 
while a reference voltage supply 1 52 is connected to the 
non-inverting input terminal of the voltage comparator 2s 
151. 

[01 72] The voltage comparator 1 51 outputs a signal 
through the output terminal T8. The output signal of the 
voltage comparator 151 is low when the output of the 
error amplifier 17 is lower than a reference voltage 30 
Vref 15 generated from the reference voltage supply 
152. The output signal of the voltage comparator 151 is 
high when the output of the error amplifier 17 is higher 
than the reference voltage Vref 15 generated from the 
reference voltage supply 1 52. 35 
[0173] When the output of the error amplifier 17 is 
lower than the reference voltage Vref 15 generated from 
the reference voltage supply 152, it is determined that a 
normal operation is being can-ied out. When the output 
of the error amplifier 1 7 is higher than the reference volt- 40 
age Vref 15 generated from the reference voltage supply 
152, it is determined that the output cun-ent of the AC 
adapter 1 is restricted, i.e.. that the power supply capac- 
ity of the AC adapter 1 is restricted. 
[0174] The output of the voltage comparator 1 51 is 45 
then supplied to the microcomputer 32, which in turn 
performs the procedures shown in FIG. 8, so that the 
control unit 150 can be prevented from being wrongly 
stopped due to the restricted current of the AC adapter 

1. 50 

[0175] In this embodiment, the signal representing 
the restricted current of the AC adapter 1 is detected 
from the charging cun-ents for the batteries 91 and 92. 
However, it is also possible to output a signal In accord- 
ance with each of the charging currents for the batteries 55 
91 and 92. 

[0176] FIG. 23 is a block diagram of a fifth embodi- 
ment of the power supply unit of the present invention. 



In this f '^ure, the same conponents as in FIG. 15 are 
denoted by the same reference numerals. 
[01 77] A power supply unit 1 60 of this embodiment 
has a charger circuit 161 whose structure is different 
from the charger circuit 93 of the third embodiment. In 
the charger circuit 161. the structure of a control unit 
162 and the operation of a microcomputer 163 are dif- 
ferent from those of the third embodiment 
[01 78] FIG. 24 is a block diagram of the control unit 
of the fifth embodiment of the present invention. The 
control unit 161 of this embodiment comprises three- 
input voltage comparators 164 and 165 and a reference 
voltage supply 166. The outputs of the error amplifiers 
99 and 101 are supplied to the two non-inverting input 
terminals of the voltage comparator 164. while the refer- 
ence voltage supply 166 is connected to the inverting 
input terminal of the voltage comparator 164. The volt- 
age comparator 164 compares the outputs of the enror 
amplifiers 99 and 101 with the reference voltage Vref 16 
generated from the reference voltage supply 166. and 
outputs a signal as a comparison result. The output sig- 
nal of the voltage comparator 164 is low when the out- 
puts of the error amplifiers 99 and 101 are both lower 
than the reference voltage Vref 16 generated from the 
reference voltage supply 16. The output signal of the 
voltage comparator 164 is high when either of the out- 
puts of the error amplifiers 99 and 101 is higher than the 
reference voltage Vref16 generated from the reference 
voltage supply 166. 

[0179] Meanwhile, the outputs of the en^or amplifi- 
ers 100 and 102 are supplied to the two non-inverting 
input terminals of the voltage comparator 165, and the 
reference voltage supply 166 is connected to the invert- 
ing input terminal of the voltage conparator 165. The 
voltage comparator 165 compares the outputs of the 
error amplifiers 100 and 102 with the reference voltage 
Vref 16 generated from the reference voltage supply 
166, and outputs a signal as a comparison result. The 
output signal of the voltage comparator 165 is low when 
the outputs of the error amplifiers 100 and 102 are both 
lower than the reference voltage Vrefl 6 generated from 
the reference voltage supply 166. The outputs signal of 
the voltage conparator 165 is high when either of the 
outputs of the error amplifiers 100 and 102 is higher 
than the reference voltage Vrefl 6 generated from the 
reference voltage supply 166. 

[0180] In the above manner, the current restricted 
state of the AC adapter 1 can be detected from either 
the charging current and voltage for the battery 91 or 
the charging current and voltage for the battery 92. The 
charger circuit 161 of this embodiment performs PWM 
control in accordance with the output current of the AC 
adapter 1. However, this PWM control can be performed 
in accordance with the charging currents and the charg- 
ing voltages for the batteries 91 and 92. 
[01 81 ] FIG. 25 is a block diagram of a sixth embod- 
iment of the power supply unit of the present invention. 
In this figure, the same components as in FIG. 23 are 
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denoted by the same reference numerals. 
[01821 A power supply unit 1 70 of this embodiment 
has a control unit 172 in a charger circuit 171. The 
structure of the control unit 1 72 is different from the con- 
trol unit 162 shown in FIG. 23. s 
[0183] FIG. 26 is a block diagram of the control unit 
of the sixth embodiment of the present invention. In this 
figure, the same components as in FIG. 24 are denoted 
by the same reference numerals. In this embodiment, 
the error amplifiers 15 and 17 detect the differences io 
between the current supply capacity of the AC adapter 
1 and the charging currents for the batteries 91 and 92. 
The PWM control is then performed in accordance with 
the detected differences. 

[0184] In the first to sixth embodiments, the PWM is 
control is performed on the charging current. However, 
It Is also possible to employ other methods, such as a 
synchronous commutation technique. 
[0185] The present invention is not limited to the 
specifically disclosed embodiments, but variations and 20 
modifications may be made without departing from the 
scope of the present invention. 
[0186] The present application is based on Japa- 
nese priority application No. 1 1-103159. filed on April 6, 
1999. the entire contents of which are hereby incorpo- 2s 
rated by reference. 

Claims 

1. A battery charge control circuit which controls a 30 
charging cun-ent for charging a battery part, com- 
prising: 

a restriction notifying unit which detects a 
restriction on the supply capacity of a power 3s 
source, and outputs a notification that the sup- 
ply capacity of the power source Is restricted. 

2. The battery charge control circuit as claimed in 
claim 1 , further comprising: 40 

a first control circuit which controls the charging 
current for the battery part, so that the battery 
part can be charged In accordance with prede- 
termined charging conditions; and 45 
a second control circuit which controls the 
charging current so that the power supplied 
from the power source does not exceed the 
supply capacity, 

wherein the restriction notifying unit notifies so 
that the charging cun-ent is controlled by the 
second control circuit. 

3. The battery charge control circuit as claimed in 
claim 1 , wherein the power source charges the bat- ss 
tery part and supplies power to a load. 

4. The battery charge control circuit as claimed in 



claim 1, wherein the battery part includes a plurality 
of batteries connected In parallel. 

5. The battery charge control drcult as claimed in 
claim 1. wherein the restriction notifying unit 
detects the charging current for the battery part, 
and, in accordance with the charging cun^ent. out- 
puts a notification that the supply capacity of the 
power source is restricted. 

6. The battery charge control circuit as claimed in 
claim 5. wherein the restriction notification unit 
detects the charging current for the battery part, 
and. in accordance with the difference between the 
charging current for the battery part and a current 
demanded by the battery part, outputs the notifica- 
tion that the supply capacity of the power source is 
restricted. 

7. The battery charge control circuit as claimed in 
claim 1. wherein the restriction notifying unit 
detects a charging voltage of the battery part, and. 
in accordance with the charging voltage, outputs a 
notification that the supply capacity of the power 
source Is restricted. 

8. TTie battery charge control circuit as claimed in 
daim 7. wherein the restriction notifying unit 
detects the charging voltage of the battery part, 
and, in accordance with the difference between the 
charging voltage of the battery part and a voltage 
demanded by the battery part, outputs the notifica- 
tion that the supply capacity of the power source is 
restricted. 

9. The battery charge control circuit as claimed in 
daim 1. wherein the restriction notifying unit 
detects an output current of the power source, and. 
in accordance with the output current of the power 
source, outputs a notification that the supply capac- 
ity of the power source is restricted. 

10. TTie battery charge control drcuit as claimed in 
claim 9. wherein the restriction notifying unit 
detects the output current of the power source, and. 
In accordance with the difference between the out- 
put current of the power source and the maximum 
current that can be supplied from the power source, 
outputs the notfficatron that the supply capacity of 
the power source is restricted. 

11. The battery charge control circuit as claimed in 
claim 1, wherein the restriction notifying unit 
detects an output voltage of the power source, and, 
in accordance with the output voltage of the power 
source, outputs a notification that the supply capac- 
ity of the power source is restricted. 
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12. The battery charge corrtrol circuit as claimed In 
daim 11, wherein the restriction notifying unit 
detects the output voltage of the power source, and. 
in accordance with the difference between the out- 
put voltage of the power source and a predeter- 5 
mined reference voltage, outputs the notification 
that the supply capacity of the power source Is 
restricted. 



charging currents and/or voltages so that the charg- 
ing cun-ents for the plurality of batteries are regu- 
lated when voltages of the plurality of batteries are 
lower than a predetermined reference voltage, and 
that the charging voltages for the plurality of batter- 
ies are regulated when the voltages of the plurality 
of batteries are higher than the predetermined ref- 
erence voltage. 



13. The battery charge control circuit as claimed in 
claim 1, wherein the notification outputted from the 
restriction notifying unit is that the cun-errt supply 
capacity of the power source is restricted. 

14. The battery charge control circuit as claimed in 
claim 1, wherein the notification outputted from the 
restriction notifying unit is that the power supply 
capacity of the power source is restricted. 

15. A battery charge control circuit comprising: 

a first control circuit which controls a current 
supplied from a power source so that a battery 
part is charged at a constant current and/or a 
constant voltage; 

a second control circuit which controls a charg- 
ing current for the battery part in accordance 
with an output of the power source; and 
a determination unit which determines whether 
the charging current tor the battery part is con- 
trolled by the second control circuit. 

16. The battery charge control circuit as claimed in 
claim 15. wherein the determination unit deter- 
mines whether the charging current for the battery 
part is controlled by the first control circuit or the 
second control circuit. 

17. The battery charge control circuit as claimed in 
claim 15, further comprising a determination result 
output unit which outputs a determination result of 
the determination unit. 

18. A battery charge control circuit comprising: 

a first control circuit which controls a current 
supplied from a power source so that a plurality 
of batteries are charged at a constant current 
and/or a constant voltage; 
a second control circuit which controls charging 
currents for the plurality of batteries in accord- 
ance with an output of the power source; and 
a determination unit which determines whether 
the charging currents for the plurality of batter- 
ies are controlled by the second control circuit. 

19. The battery charge control circuit as claimed In 
claim 1 8. wherein the first control circuit controls the 



10 20. A battery charge control circuit which controls a 
charging current for charging a battery part, said 
circuit comprising: 

a first control circuit which controls the charging 
15 current for the battery part so that the battery 

can be charged in accordance with predeter- 
mined charging conditions; 
a second control circuit which controls the 
charging current for the battery part so that 
20 power supplied from a power source does not 

exceed a predetermined capacity; and 
a determination unit which determines whether 
the charging current for the battery part is con- 
trolled by the second control circuit. 

25 

21. The battery charge control circuit as claimed in 
daim 20, wherein the determination unit deter- 
mines whether the charging current for the battery 
part is controlled by the first control circuit or the 

30 second control circuit. 

22. The battery charge control circuit as claimed in 
daim 20, wherein the charging conditions include 
charging the battery part at a constant current. 

35 

23. The battery charge control circuit as claimed in 
daim 20. wherein the charging conditions include 
charging the battery part at a constant voltage. 

40 24. The battery charge control circuit as claimed in 
daim 20, further comprising: 

a detecting unit which detects a charged state 
of the battery part; and 
45 a completion determination unit which deter- 

mines whether the charging of the battery unit 
is completed from a determination result of the 
determination unit and a detection result of the 
detecting unit. 

50 

25. The battery charge control circuit as claimed in 
daim 20. wherein the power source is connected to 
a plurality of batteries, each of which is provided 
with the first control drcuit. 

55 

26. A battery charge control circuit which controls a 
charging current so that a power source supplies 
power to both a battery part and a load, comprising: 
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a first control circxirt which controls the charging 
cunrent for the battery part so that the battery 
part is charged in accordance with predeter- 
mined charging conditions; 
a second control circuit which controls the s 
charging current so that power supplied from 
the power source does not exceed a predeter- 
mined capacity; and 

a determination unit which determines whether 
the charging cun-ent for the battery part is con- io 
trolled by the second control circuit. 

27. The battery charge control circuit as claimed in 
claim 26. wherein the determination unit deter- 
mines whether the charging current for the battery is 
part is control by the first control circuit or the sec- 
ond control circuit. 

28. The battery charge control circuit as claimed in 
claim 26, wherein the charging conditions include 20 
charging the battery part at a constant current. 

29. The battery charge control circuit as claimed in 
claim 26. wherein the charging conditions include 
charging the battery part at a constant voltage. 25 

30. The battery charge control circuit as claimed in 
claim 26, further comprising: 

a detecting unit which detects a charged state 30 
of tiie battery part; and 

a completion determination unit which deter- 
mines whether the charging of tiie battery unit 
is completed from a determination result of the 
determination unit and a detection result of tine 35 
detecting unit. 

31. The battery charge control circuit as claimed in 
claim 26. wherein the power source is connected to 

a plurality of batteries, each of which is provided 4o 
with the first control circuit. 

32. A battery charging device for charging a battery 
part with power supplied from a power source, com- 
prising a restricted stale notifying unit which detects 45 
a restriction on a supply capacity of the power 
source, and outputs a notification that the supply 
capacity of the power source is restricted. 

33. The battery charging device as claimed in claim 32, so 
further comprising: 

a first control circuit which controls a charging 
current for tine battery part so that the battery 
part is charged in accordance with predeter- ss 
mined charging conditions; and 
a second control circuit which controls the 
charging current for the battery part so that 



power supplied from the power source does not 
exceed a capacity; 

wherein the restricted state notifying unit noti- 
fies tinat the charging cun-ent is controlled by 
the second control circuit. 

34. The battery charging device as claimed in claim 32. 
wherein tiie power source supplies power to both 
tine battery part and a load. 

35. The battery charging device as claimed in claim 32, 
wherein ttie battery part includes a plurality of bat- 
teries connected in parallel. 

36. A battery charging device which is connected to a 
power source for supplying a current to a load, and 
is connected to a battery part to be charged witii 
power from the power source, said battery charging 
device conprising: 

a current control unit which controls a current 
supplied from ttie power source to the battery 
part; 

a control unit which detects a charged state of 
the battery part and controls the current control 
unit; and 

a restricted state notifying unit which outputs a 
notification that a supply capacity of the power 
source is resti-icted. 

37. The battery charging device as claimed in claim 36, 
wherein tine battery part includes a plurality of bat- 
teries connected in parallel. 

38. The battery charging device as claimed in claim 36. 
wherein the restricted state notifying unit detects 
the charging current for the battery part, and, in 
accordance with the charging current for the battery 
part, outputs the notification tinat the supply capac- 
ity of the power source is restricted. 

39. The battery charging device as claimed in claim 38, 
wherein the restricted state notifying unit detects 
tine charging current for the battery part, and, in 
accordance with tine difference between the charg- 
ing current for the battery part and a current 
demanded by the battery pacK outputs the notifica- 
tion tinat the supply capacity of tine power source is 
restricted. 

40. The battery charging device as claimed in claim 36. 
wherein the resti-icted state notifying unit detects a 
charging voltage for the battery part, and. in 
accordance with the charging voltage, outputs the 
notification that the supply capacity of the power 
source is restricted. 

41. The battery charging device as claimed in claim 40, 
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wherein the restricted state notifying unit detects 
the charging voltage for the battery part, and, in 
accordance with the difference between the charg- 
ing voltage for the battery part and a voltage 
demanded by the battery part, outputs the notif ica- 5 
tion that the supply power of the power source is 
restricted. 

42. The battery charging device as claimed in claim 36. 
wherein the restricted state notifying unit detects an 10 
output current of the power source, and, in accord- 
ance with the output current of the power source, 
outputs the notification that the supply capacity of 

the power source is restricted. 

15 

43. The battery charging device as claimed in claim 42, 
wherein the restricted state notifying unit detects 
the output current of the power source, and. in 
accordance with the difference between the output 
current of the power source and a maximum current 20 
supplied from the power source, outputs the notifi- 
cation that the supply capacity of the power source 

is restricted. 

44. The battery charging device as claimed in claim 36. 2s 
wherein the restricted state notifying unit detects an 
output voltage of the power source, and, in accord- 
ance with the output voltage of the power source, 
outputs the notification that the supply capacity of 

the power source is restricted. 30 

45. The battery charging device as claimed in claim 44. 
wherein the restricted state notifying unit detects 
the output voltage of the power source, and, in 
accordance with the difference between the output 35 
voltage of the power source and a predetermined 
reference voltage, outputs the notification that the 
supply capacity of the power source is restricted. 



46. A battery charging device comprising: 



40 



a first control circuit which controls a current 
supplied from a power source so that a plurality 
of batteries are charged at a constant current 
and/or a constant voltage, 45 
a second control circuit which controls charging 
currents for the plurality of batteries in accord- 
ance with an output of the power source; and 
a determination unit which determines whether 
the charging currents for the plurality of batter- so 
ies are controlled by the second control circuit. 

47. The battery charging device as claimed in claim 46. 
wherein the first control circuit controls the current 

so that the plurality of batteries are charged at the ss 
constant current and/or the constant voltage. 

48. A battery charging device which controls a charging 



cun-ent supplied from a power source to a battery 
part, said battery charging device comprising: 

a first control circuit which controls the charging 
current for the battery part so that the battery 
part is charged in accordance with predeter- 
mined charging conditions: 
a second control circuit which controls the 
charging cun-ent so that power supplied from 
the power source does not exceed a predeter- 
mined capacity; and 

a determination unit which determines whether 
the charging current for the battery part is con- 
trolled by the second control circuit. 

49. The battery charging device as claimed in claim 48. 
wherein the determination unit determines whether 
the charging current for the battery part is control- 
led by the first control circuit or the second control 
circuit 

50. The battery charging device as claimed in claim 48. 
wherein the charging conditions Include charging 
the battery part at a constant current. 

51. The battery charging device as claimed in claim 48, 
wherein the charging conditions include charging 
the battery part at a constant voltage. 

52. The battery charging device as claimed in claim 48. 
further comprising: 

a detecting unit which detects a charged state 
of the battery part; and 

a completion determination unit which deter- 
mines whether the charging of the battery unit 
is completed from a determination result of the 
determination unit and a detection result of the 
detecting unit 

53. The battery charging device as claimed in claim 48, 
wherein the power source is connected to a plural- 
ity of batteries, each of which is provided with the 
first control circuit 

54. A battery charging device which controls a charging 
current so that a power source supplies power to 
both a battery part and a load at the same time, 
comprising: 

a first control circuit which controls the charging 
current for the battery part so that the battery 
part is charged in accordance with predeter- 
mined charging conditions; 
a second control circuit which controls the 
charging cun^ent so that power supplied from 
the power source does not exceed a predeter- 
mined capacity; and 
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a determination unit which determines whether 
the charging current for the t}attery part Is con- 
trolled by the second control drcuit. 

55. The battery charging device as claimed in claim 54. 
wherein the determination unit determines whether 
the charging current for the battery part is control- 
led by the first control circuit or the second control 
circuit. 

56. The battery charging device as claimed in claim 54, 
wherein the charging conditions include charging 
the battery part at a constant current. 

57. The battery charging device as claimed in claim 54, 
wherein the charging conditions include charging 
the battery part at a constant voltage. 

58. The battery charging device as claimed in claim 64. 
further comprising: 



10 



IS 



20 



a detecting unit which detects a charged state 
of the battery part; and 

a completion determination unit which deter- 
mines whether the charging of the battery unit 2s 
is completed from a determination result of the 
determination unit and a detection result of the 
detecting unit. 

59. The battery charging device as claimed in claim 54, 30 
wherein the power source is connected to a plural- 
ity of batteries, each of which is provided with the 
first control circuit. 

60. A battery charge control method, comprising the 35 
steps of: 

detecting a restriction on a supply capacity of a 
power source which supplies current to a load 
and charges a battery part; and 4o 
continuing the charging of the battery part 
when the supply capacity of the power source 
is restricted. 

61. The battery charge control method as claimed in 45 
claim 60, wherein the battery part Includes a plural- 
ity of batteries connected in parallel. 

62. A battery charge control method, comprising the 
steps of: 50 

charging a battery part at a constant current 
and/or a constant voltage obtained from a cur- 
rent supplied from a power source; 
controlling a charging current for the battery ss 
part in accordance with an output of the power 
source; and 

determining whether the charging current for 



the battery part is controlled in aocopdance with 
the output of the power source. 

63. The battery charge control method as claimed in 
daim 62. wherein the determination result is out- 
putted to the outside 

64. A battery charge control method, comprising the 
steps of: 

charging a plurality of batteries connected in 
parallel at a constant current and/or a constant 
voltage obtained from a current supplied from a 
power source; 

controlling charging currents for the plurality of 
batteries in accordance with an output of the 
power source; and 

determining whether the charging cun-ents for 
the plurality of batteries are controlled in 
accordance with the output of the power 
source. 

65. The battery charge control method as claimed in 
claim 64, wherein whether the charging current for 
each of the plurality of batteries is controlled is 
determined in accordance with an output current of 
the power source. 

66. A battery charge control method, comprising the 
steps of: 

detecting a restriction on a supply capacity of a 
power source; 

outputting a notification, in accordance with a 
detected result, that the supply capacity of the 
power source is restricted; 
a charging current for a battery part is control- 
led in accordance with the notification. 

67. A battery charge control method, comprising the 
steps of: 

controlling a cun^ent supplied from a power 
source so that a battery part is charged at a 
constant current and/or a constant voltage; 
controlling a charging current for the battery 
part in accordance with an output of the power 
source; and 

determining whether the charging current for 
the t)attery part is controlled in the step of con- 
trolling the charging current. 

68. A battery charge control method, comprising the 
steps of: 

controlling a cun^ent supplied from a power 
source so that a plurality of batteries are 
charged at a constant current and/or a constant 
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controlling charging currents for the plurality of 
batteries in accordance with an output of the 
power source; and 

determining whether the charging currents for s 
the plurality of batteries are controlled in the 
step of controlling the cliarging currents. 

69- A battery charge control method for controlling a 
charging current supplied from a power source to a io 
battery part, comprising the steps of: 

controlling the charging current for the battery 
part so that the battery part is charged in 
accordance with predetermined charging con- is 
ditions; 

controlling the charging current so that power 
supplied from the power source does not 
exceed a predetermined capacity; and 
determining whether the charging current for 20 
the battery part is controlled in the second step 
of controlling the charging current. 

70. A battery charge control method for controlling a 
charging current so that a power source supplies 2S 
power to a battery part and a load at the same time, 
said method comprising the steps of: 

controlling a charging current for the battery 
part so that the battery part is charged In 30 
accordance with predetermined charging con- 
ditions; 

controlling the charging current so that power 
supplied form the power source does not 
exceed a predetermined capacity; and 35 
determining whether the charging current of 
the battery part is controlled in the second step 
of controlling the charging current. 
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